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I. INTRODUCTION
In the last decade, great experimental progress in the charmed-strange meson spectrum has been achieved. Some radially or orbitally excited charmed-strange mesons have been observed [1] , and these observations not only make the charmed-strange meson family lengthy, but also raise some challenges to the conventional quark model [2] . Among these newly observed charmed-strange mesons, the D * (2460) were investigated in a conventional charmed-strange mesons frame with different methods, such as the quark pair-creation model [13, 14] , QCD sum rules [15] [16] [17] [18] [19] , and chiral effective theory [20] . However, the large-N c expansion calculations indicated that the D * s0 (2317) could not be a standard quark-antiquark meson [21] . A csqq tetraquark interpretation was proposed to understand the mass and decay behavior of the D * s0 (2317) [22] [23] [24] . The QCD sum rule calculations also supported the idea that the D * s0 (2317) could be a tetraquark state [25, 26] .
Since the masses of the D * s0 (2317) and D s1 (2460) are about 40 MeV below the thresholds of the DK and D * K, respectively, a possible explanation of the structures of D * s0 (2317) and D s1 (2460) is that they are DK and D * K hadronic molecules, respectively. The calculations in the BetheSalpeter approach [27] and potential model [28] showed that the D * s0 (2317) could indeed be a DK hadronic molecule. In Ref. [29] , the D * s0 (2317) and D s1 (2460) were considered as kaonic molecules bound by strong short-range attraction. The decay behaviors of the D In this paper, we study the radiative and pionic transitions from the D s1 (2460) 
where
The (y 2 ) and Φ D s1 (y 2 ), which depend only on the Jacobian coordinate y, are introduced to depict the distributions of the components in the hadronic molecule. The Fourier transformation of the correlation function is,
(4) The introduced correlation function also plays the makes the Feynman diagrams finite in the ultraviolet region of Euclidean space, which indicates that the Fourier transformation of the correlation function should drop fast enough in the ultraviolet region. Here we choose the Fourier transformation of the correlation in the Gaussian form, (5) with Λ M being the size parameter which characterizes the distribution of components inside the molecule. The coupling constants g D *
s0
DK and g D s1 D * K in Eqs. (2) and (3) could be determined by the compositeness conditions [30, 31, [34] [35] [36] , where the renormalization constants of the composite particles should be zero, i.e.,
with Σ components as
with g
The concrete forms of the mass operators of the D * s0 (2317) and D s1 (2460) corresponding to the diagrams in Fig. 1 are
III. RADIATIVE AND PIONIC TRANSITIONS FROM THE
We estimate the partial widths for the radiative and pionic transitions from the D s1 (2460) to the D * s0 (2317) in an effective Lagrangian approach. The interactions of the D * s0 (2317) and D s1 (2460) with their components are presented in Eqs. (2) and (3). Besides these effective Lagrangians, in our calculation, we employ the following phenomenological Lagrangians [37] [38] [39] [40] 
τ is the Pauli matrix, π represents the pion triplets, and K ( * ) and D ( * ) are the doublets of strange and charmed mesons, respectively,
In the heavy quark-limit, the coupling constants g D * D ( * ) P could be related to the gauge coupling constant g via
where f π = 132 MeV is the decay constant of the pion and the gauge coupling g = 0.59 is estimated from the experimental value of the partial width for the D * + → D + π 0 . The involved coupling constants of K * are [38] ,
where the gauge couplings β = 0.9, λ = 0.56 and g V = m ρ / f π . As for the coupling constants of g K * Kπ and g K * Kη , we adopt g K * Kπ = 3.21 and g K * Kη = 4.47, which are evaluated by SU(3) symmetry [41] . The involved interaction related to the photon field and the charmed mesons is in the form [42] ,
where the field-strength tensors are defined as 
where m u and m d are the current quark masses of the u and d quarks, respectively, and µ is the condensate parameter. Fig. 2(a) . Since this decay is an isospin-violating process, we also include the contribution from the η − π 0 mixing as presented in Fig. 2(b) . With the effective interactions listed above, we can get the amplitude corresponding to Fig. 2(a) as
where P 12 = (p 1 w D * K − p 2 w KD * ) and P 20 = qw DK − p 2 w KD . The amplitude related to Fig. 2(b) is,
where m
where Fig. 3 . With the effective Lagrangians given above, we can obtain the amplitude corresponding to Fig. 3(a) as
As for the amplitude corresponding to Fig. 3(b) , it can be obtained from the above amplitude by replacing the masses and coupling constants with those in Fig. 3(b) , i.e.,
Then the total amplitude for
It should be noticed that after performing the loop integral, the above amplitude can be reduced to the form,
which is obviously gauge invariant and the coupling constant g D s1 D * s0 γ could be estimated from the amplitude in Eq. (23). 
As for the contributions from η − π 0 mixing, the amplitudes corresponding to Figs. 4(d)-4(f) by,
The total amplitude of
With the total amplitudes defined in Eqs. (20), (23) and (29), one can estimate the partial width by,
where p is the momentum of the final state in the D s1 (2460) rest frame and the overline indicates sum over polarizations of vector mesons. All the masses of the involved particles are listed in Table I In Table II 
IV. NUMERICAL RESULTS
which is consistent with the experimental measurements from the CLEO and BABAR collaborations [4, 8] .
At present, the experimental information on the D s1 (2460) and D s0 (2317) is still not abundant. In particular, the widths of these states are not well determined. The measurements of their decay behaviors at LHCb and the forthcoming Belle II could provide a further test to the results in the present work.
